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Abstract: The advancement in fintech technological development in emerging countries has acceler-
ated the role of digital finance in economic development. Digital finance assists in financial inclusion;
however, it may also increase the chances of financial instability due to systematic risks. Emerging
countries are also in the clutches of shadow economic growth, which reduces taxable income revenue
and creates pressure on financial inclusion prospects. The current study attempts to measure the
impact of digital finance on the shadow economic growth and financial stability among the selected
South Asian emerging countries. We have used the CUP-FM and CUP-BC estimation methods
to measure the above relationship on two model frameworks from 2004 to 2018, with the former
measuring the influence of digital finance on the shadow economy and the latter examining the
relationship between digital finance and financial stability. In addition, the second-generation unit
root test, and the Westerlund cointegration analysis are also employed to confirm the stationarity
and cointegration among the variables. The result of the Westerlund’s cointegration confirms a
long cointegration between the explanatory and outcome variables. Furthermore, the long-run
estimation results conclude that an increase in digital finance helps in reducing the growth of the
shadow economy among the selected sample countries. However, it also increases the likelihood of
systematic risks and increases financial instability. The study also reveals that the control variables
like unemployment and industrial productivity also have a significant influence on financial stability
and the shadow economy. The findings will assist readers in comprehending how digital finance
influences the shadow economy and promotes financial inclusion and stability in emerging nations.
Keywords: fintech; digital finance; shadow economy; financial inclusion; CUP-FM; CUP-BC
1. Introduction
Digital finance involves the unification of financial services and digital technologies.
The advancement in big data analysis, artificial intelligence, and information technology
has made a remarkable contribution toward digitalization [1]. Digitalization in finance
means the increased use of digital technologies in the working and product development
of the banking and finance sector. Digital finance provides individuals and firms with a
wide array of sustainable financial services, for instance, digital services such as online
payments, credit, investments, remittances, and savings. Individuals and firms use these
digital services through digital channels of the banks like mobile app, automatic teller
machines, point of sales terminals, etc. New fintech services are also included apart from
the above-established services in digital payments, such as cryptocurrency, peer-to-peer
applications, and digital ledger technologies [2]. During the last three years, according to
the report of the International Monetary fund, there is an unprecedented increase in digital
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payments, digital remittances, and digital lending in emerging and developing countries.
In emerging and developing countries, digital payment services rose from $1.2 trillion in
2017 to $1.5 trillion in 2019. Similarly, mobile payments have also increased by 50% in 2019
compared to the previous year. In emerging and developing countries, not only has the
value of digital and mobile payment increased, but the number of users has also increased,
for instance, the mobile payment users have increased from 3.3 billion in 2017 to 4 billion
in 2019, which is approximately 64% of the population [3]. Thus, it can be inferred from the
above data that technological advancement in financial services leads to financial inclusion.
Financial inclusion refers to the ability of financial services to reach out to a distant
population. The technological spillover theory states that financial inclusion results from
reaching out to people through the internet and fintech technologies. Financial inclusion
is also one of the prime tenets of the sustainable development goal of 2030 [4]. Therefore,
most of the developing countries are trying to convert their non-banking populations into
banking populations. Developing countries are resorting to excessive use of the fintech
revolution and digital finance to increase financial inclusion. However, most developing
countries still have insufficient infrastructure and available resources to expedite the
process of financial inclusion [1]. For instance, as per the report of the McKinsey Global
Institute, 2021, 53% of the population is financially excluded in the emerging countries of
South Asia whereas this is only 23% in China, 48% in Latin America, and 39% in Eastern
Europe and Central Asia. In addition, the report also concludes that the share of emerging
countries in digital payments is also low compared to developed countries, for example,
the share of digital payments in emerging countries such as India, Pakistan, Indonesia, and
Bangladesh is less than 1% compared to 77% in Australia, 55% in the United Kingdom,
49% in the United States, 33% in Germany, etc.
The lack of adequate infrastructure and unavailability of resources creates another
problem, that of the shadow economy, among developing countries. The shadow economy
refers to the growth of the parallel economy or the informal economy. It includes not
only illegal business transactions but also legal activities which are not under countries’
formal tax brackets. The informal economy reduces the taxable income of the country and
hampers economic development in the long run [5]. The proportion held by the shadow
economy among the developing countries is more than 30% [6]. The lack of access to
banking services is the major determinant of the shadow economy. Globally, around 70%
of the population does not have access to banking services for their financial needs [7]. In
developing countries, 50% of the population has no access to financial services. However, in
this strenuous situation, the growth in digital finance is the only hope of increasing financial
inclusion and restricting the growth of shadow economies among developing countries.
Although digital finance may help control the shadow economy through financial inclusion,
some recent studies have emphasized that digital finance may promote financial sector
instability through systematic risk [8]. The excessive use of digital payments and digital
platforms may increase unethical activities and create financial sector instability.
Based on these technological spillover effects, this study investigates the impact of
digital finance on the shadow economy and financial stability among the panel of selected
South Asian countries. The reason for including South Asian countries is justified in the
following ways. In South Asia, there are eight countries, and of these eight countries three,
namely India, Bangladesh, and Pakistan represent the fastest emerging markets of South
Asia with a large population and extensive market potential. Besides, being emerging
markets in terms of potential demand, the progress of these countries in terms of financial
inclusion is comparatively slower. In the above four countries, the access to financial
services is around eightfold lower than in the high-income group countries. Apart from
this, 60% of adults in South Asian countries lack access to formal financial services [9]. The
proportion of the shadow economy in the South Asian countries is also higher compared
to other emerging economies of the world. However, due to the sustainable development
goal of the recent past, these countries are striving hard to increase their financial inclusion
targets. Over the years, the inhouse technological development and knowledge sharing
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from developed countries have improved the platform for digital finance in South Asian
countries. For instance, in India, which represents more than 80% GDP of South Asia,
the growth in digital finance is manifold. According to the report of ACI worldwide,
digital transactions are expected to grow by 71.7% in India by 2025. Similarly, the World
bank report advocated a bullish view on the Pakistani cashless economy, estimating it
at $36 billion, which will create a boost of 7% in Pakistan’s GDP. The untapped financial
market, high level of shadow economy, and ongoing transition in digital finance further
motivate us to investigate the above relationship in the context of South Asian countries.
The current study contributes to the extant literature on digital finance in the following
ways. First, this study investigates the impact of digital finance on the shadow economy
among South Asian countries, which as per the author’s knowledge has not been explored
in previous studies conducted on digital finance. Second, this study also examines the
relationship between digital finance and financial stability, which also adds a new paradigm
in the context of the consequences of digital finance among emerging countries. The
sustainability goal of 2030 promotes the usage of fintech technologies and digital finance
for sustainable economic development. Therefore, evaluating its consequences on financial
stability will add significantly to the literature on digital finance. Third, this study uses
a continuously updated fully modified, and biased corrected model, which provides
robust results in the presence of cross-sectional dependency (CSD), heteroskedasticity,
autocorrelation, and fractional integration. The CUP-FM and CUP-BC estimation technique
are also appropriate techniques for small sample size data. In addition, we have also
empirically investigated the issue of CSD by employing a second-generation unit root test
and Westerlund cointegration analysis, which provide better estimates in the presence of
CSD. Thus, these methods also contribute toward the novelty of our approach, as these
methods are not used in earlier studies on digital finance. Some of the countries included in
the study are among the most populated countries, with transition market structures. These
countries also have a high proportion of shadow economy compared to other countries of
the world. Besides, these countries are also taking drastic measures to improve financial
inclusion through fintech technologies and digital finance. Therefore, the sample selection
also contributes to the novelty of the study. The current study also includes two prominent
proxies to measure the growth of digital finance, which have not been comprehensively
discussed in previous studies, thus adding to the literature. Therefore, the findings will
be helpful for other emerging countries to understand and devise appropriate policies for
the expansion of fintech technologies. Furthermore, to estimate the above relationship, the
following hypothesis is formulated:
Hypothesis 1. Digital finance has a significant negative impact on the growth of the shadow
economy.
Hypothesis 2. Digital finance has a significant positive impact on financial sector stability.
The paper further proceeds as follows; Section 2 covers a literature review and theo-
retical framework; Section 3 focuses on methodology and variable description; Section 4
covers data analysis, and Section 5 includes the concluding remarks and discussion.
2. Theoretical Underpinning and Empirical Literature
2.1. Theoretical and Conceptual Framework
The technological spill-over theory states that digital finance can help the finance
sector in three ways. Technological spill-over increases financial inclusion, provides techni-
cally equipped employees, and increases financial disintermediation. Through the squid
effect, digital finance transforms traditional financial institutions by improving technol-
ogy, reducing cost, expanding financial sector outreach activities, and improving financial
system efficiency [10]. The theoretical underpinning for the relationship between digital
finance and financial inclusion is based on the premise that a large proportion of the ex-
Mathematics 2021, 9, 3018 4 of 15
cluded population owns (or has) a mobile phone. The provision of financial services via
mobile phones and related devices can improve access to finance for the excluded popu-
lation [11]. Further, [6] concluded that financial outreach activities and economic growth
help in reducing the shadow economy. Hence, based on these conceptual frameworks, the
impact of digital finance on the shadow economy and financial instability can be justified.
2.2. Review of the Empirical Literature
The rapid advancement in digital finance has attracted the attention of various re-
searchers. Being a hot topic, scholars have examined the impact of digital finance on the
financial sector and economic growth. The subsequent section highlights the details of
some of the recent literature on digital finance.
2.2.1. Digital Finance, Financial Inclusion, and Shadow Economy
In recent studies, digital finance is defined as the combination of digital technologies
and financial services [1]. Previous studies have outlined various benefits of using digital
finance. For example, digital finance helps in promoting financial intermediation and
financial inclusion, reduces poverty, and helps in sustainable development [10,12,13]. In
addition, the use of mobile phones and internet services for online payment in developing
countries also promotes financial sector literacy and increases financial inclusion [14].
Srivastava [15] advocated that shifting from the traditional model of financial transaction
to digital finance helps in reducing the transaction cost of financial services and in the
growth of the financial sector of emerging countries like India and China. Similarly, the
development in fintech technologies also has a positive impact on the banking sector,
and promotes financial liberalization in emerging countries [16]. Witnessing the positive
impact of digital finance on the banking and financial sector, various researchers have also
examined its impact on financial inclusion. Evans [17] investigated the relationship of
digital finance with financial inclusion in Africa. The author confirmed that, due to the
excessive use of mobile and internet services caused by technological development, there
is a considerable expansion in the degree of financial inclusion in the African region.
Various scholars have iterated that ICT-enabled technologies have significantly con-
tributed toward the development of low-cost financial services. ICT-enabled technologies
such as mobile payments, mobile wallets, online payment mechanisms and branchless
banking have improved the level of financial inclusion and financial outreach [18,19]. Over
the last few years, due to the excessive investment in research and development activi-
ties in emerging countries, there has been a considerable improvement in the innovation
of low-cost technologies. These low-cost technological innovations have enhanced the
market for mobile phones and internet services. The availability of mobile phones and
other digital gadgets has further enhanced digital payments in emerging countries [20].
These technological transitions have transformed traditional financial services into digital
financial services. For example, cryptocurrency is substituted for paper currency, and
card transactions are substituted for cash transactions [21]. This digital transformation
has also helped in loan recovery and loan disbursement by artificial tracking mechanisms.
However, in some developing countries, there is still a part of the population that is not
under the scanner of this digital transformation, and still relies on the informal economy for
its financial needs. To evade the tax burden and avoid the process of documentation and
disclosure of financial services, these untapped populations rely on the informal economy,
which is also known as the shadow economy [22].
A vast body of literature has concluded that the shadow economy has a detrimental
impact on a country’s economic growth [23–25]. The shadow economy reduces taxable
income revenue, and it also hampers the process of financial inclusion [26]. Previous
studies have projected that the political environment plays a crucial role in the rise of
the shadow economy [27]. An unstable political environment promotes unemployment,
low productivity, and hence a rise in the informal economy. In addition, the political
stability index of some of the emerging countries is low compared to the developed
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countries. Hence, through its mediation role, it hampers the productivity and stability
of various industries. For instance, Zhau and Tewari [28] projected that high instability
and corruption promote the shadow economy which eventually increases banking risk
and instability in emerging countries. However, some studies have concluded that the
shadow economy creates employment opportunities for the unemployed and helps in
controlling poverty [24]. A strand of the literature also concluded that due to the presence
of the shadow or informal economy, the impact of the global financial recession was less
severe on developing countries compared to the developed countries [29]. Although there
are some positives for the shadow economy based on previous findings and given a larger
picture, the negative consequences of the shadow economy are more detrimental than
the positive aspects. Over the years, developing countries have resorted to restricting the
growth of the shadow economy through financial outreach activities [30]. Additionally,
the Global Financial Stability Report of the International Monetary Fund [31] also states
that developing countries are witnessing tremendous growth in their banking sector, thus
implying a reduction in the shadow economy. Earlier discussion in previous studies
concluded that digital finance helps in promoting financial inclusion, and as financial
inclusion also helps in controlling the shadow economy, thus some relationship between
shadow economy and digital finance can also be established. As per the review, no study
has examined the relationship between digital finance and the shadow economy. Therefore,
to contribute to filling this literature void, we have examined the above relationship in
the context of selected South Asian countries. The next section of the study focuses on the
extant literature on digital finance and financial sector instability.
2.2.2. Digital Finance and Financial Instability
Globalization in the financial sector due to technological advancement has not only
generated a positive impact on the financial sector’s development and economic growth,
but it has also generated negative consequences. The evolution of integrated financial
services without border restrictions has created financial sector instability [32]. Globaliza-
tion and interconnectivity help in transferring financial sector instability from one country
to another. One the on hand, digital finance that helps in promoting financial sector de-
velopment also creates chances for systematic risks. Various factors cause systematic or
business risks such as institutional linkage, financial market connectivity, macroeconomic
conditions, and the size of the financial sector [33]. Ozili [12] concluded that, although
digital finance helps in expediting the process of financial inclusion, it also contains some
risks. For instance, easy availability of credit helps in increasing nonperforming loans, and
excessive use of fintech technologies increases digital risk such as theft of data, disruption
in payment systems, etc. [34]. The lack of timely and stringent regulatory mechanisms also
aggravates systematic risk, especially in developing countries [35]. Furthermore, García
and José [36] noted that systematic risk increases with new financial outreach activities,
as these activities are not so adequately regulated. Similarly, Khan [37] highlighted that
institutions that adopt the business correspondent framework of financial inclusion are
more exposed to strategic and compliance risks.
In addition to the negative apprehensions of digital finance growth, some authors
have also highlighted the positive sides of fintech development on financial sector stability.
For instance, some have concluded that expansion in digital financial services helps in
reducing operational costs. It enhances the speed of financial transactions and assists in
creating an environment for stable and secure transactions. It also ensures proper tracking
and monitoring of financial transactions [38]. The expansion in digital financial services
also increases the share of the unbanked population in formal banking, and thus diversifies
market risks and promotes financial sector stability [39].
Based on the above literature review, we can conclude that digital finance may promote
financial instability because of the transmission properties and interconnectivity among
the countries. However, some studies conclude that digital finance reduces financial sector
instability and systematic risk by providing better risk management techniques [40,41].
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In continuation, based on the above literature review, we can also conclude that there is
no specific study that estimates the role of digital growth on the unbanked population.
Therefore, to bridge this literature gap, we have examined the above relationship for South
Asian countries.
3. Data, Variables and Empirical Methodology
3.1. Data and Variables
We have included the following proxies to examine the relationship between digital
finance, shadow economy, and financial stability. Mobile money transaction percentage of
GDP and number of ATMs per 100,000 population is used as a proxy to measure digital
finance. The Mobile money transaction and ATMs per 100,000 population is the most
commonly used proxy to measure digital finance, as this highlights the penetration of
internet and mobile services in an economy [42]. We have used nonperforming loan (NPL)
percentage of GDP and bank credit to deposit ratio (BCDR) as a proxy to measure financial
stability. The following proxies’ variables are included because a high ratio of BCDR and
NPLs denotes higher credit and default risk, which may lead to financial sector instability.
Various previous studies have used the same proxy for financial sector instability [43].
In addition, to measure the impact of digital finance on the informal economy, we have
used the proxy shadow economy as a percentage of GDP, following the work of Zhou
and Tewari [28]. Besides this, we have also included certain control variables like gross
domestic product, unemployment, industrial productivity, and foreign direct investments.
Industrial productivity and foreign direct investments are included in this study, as these
variables contribute extensively to economic and financial sector development. Hence,
evaluating their impact on financial instability and the shadow economy will contribute
to the extant literature. The annual data of three South Asian countries from 2004–2018
are included for empirical analysis. We have included the above sampled countries and
timeframe to maintain consistency in the data frequency, because the data for most of the
explanatory variables is not available before 2004 and beyond 2018, especially for shadow
economy and digital finance proxies. Furthermore, annual data is included to avoid under
representation. Table 1 shows the detail of variables, data sources, and sampled countries.
Table 1. Variables’ description and data sources.
Variable Source
Digital payment proxy mobile money transaction
percentage of GDP Financial Access Survey
Number of ATM per 100,000 adults Financial Access Survey
Financial Instability proxy (NPLs and Bank
credit-deposit ratio) IMF financial statistic database
Shadow economy (SE) Schneider, F., et al. Working paper 2018
Gross Domestic Product (GDP) World Development indicators
Unemployment (Un) World Development indicators
Foreign Direct Investment (FDI) World Development indicators
Industrial Productivity (IIP) World Development indicators
Sample South Asian Countries: India, Pakistan, and Bangladesh
3.2. Model Specification and Estimation Method
To investigate the long-term impact of digital finance on the shadow economy and
financial instability, we have used panel cointegration analysis along with CUP-FM and
CUP-BC estimation techniques. We have used a continuously updated fully modified and
bias-corrected model for long-run estimation as our dataset is relatively long, and it also
has few cross-sections. The countries which we have selected for the empirical analysis are
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interlinked, therefore there are high chances of cross-sectional dependence (CD) among
the variables. Hence, we have also used the cross-sectional dependence test, attached in
Table 2. Previous studies have highlighted that the presence of CD hampers the results
of traditional unit root tests such as the PP test and ADF test [44]. Therefore, to provide
robust results, we have used the CADF and CIPS unit root test. These tests provide better
estimates in the presence of cross-sectional dependence and heterogeneity in the dataset.
The equation used in the CIPS test is summarized below:





where n is the lag, µit the error term, yit the analyzed variable, y the observation average,
c the individual intercept and t the time. Under the CIPS unit root test, null hypothesis
assumes data which is non-stationary against the alternative hypothesis, or otherwise.
Table 2. Cross sectional Dependency test.
NPL SE BCDR MMT ATM IIP UN FDI GDP
Breusch Pagan
LM Test
43.23 * 65.71 * 41.21 * 23.13 * 121.32 * 65.32 ** 71.23 * 34.21 ** 17.34 *
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Pesaran Scaled
LM Test
12.12 * 9.34 ** 8.12 * 18.32 * 5.13 * 7.12 * 11.09 * 17.32 ** 4.12 *
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Note: *, ** 1 and 5% level of significance.
Proceeding further, we estimated the long-run cointegration between the variables.
To investigate the long-run cointegration, we have employed the Westerlund [45] panel
cointegration technique. This cointegration technique is a combination of two pooled and
two groups’ mean statistics and provides robust estimates in the presence of cross-sectional
dependency by using the bootstrap technique [46]. The structure used in the Westerlund
panel cointegration is summarized below.




Note: kt represents deterministic components, ri and si are the lead and lag orders,






















Pα = Tα̂ (6)
After confirming the presence of cointegration among the variables, we have fur-
ther proceeded by checking the long-run relationship, and its magnitude, between the
dependent and independent variables. As already discussed, we have used CUP-FM and
CUP-BC estimation techniques to estimate the long-run relationship between the variables.
Previous studies have concluded that there are various models for estimating long-run
relationships; however, each method has its limitation. For instance, GMM is considered
a robust technique to counter endogeneity and serial correlation, but it is not a reliable
technique when the time dimension is more than cross-sectional [47]. Similarly, FMOLS
and DOLS, which are considered efficient techniques to tackle endogeneity and serial cor-
relation issues, are not appropriate to tackle cross-sectional dependence. In recent studies,
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DSUR is commonly used to counter the problem of cross-sectional dependence, but this
technique cannot also deal with endogeneity and residual correlation [48].
In short, we can conclude that although there are various models for long-run esti-
mation, each model has its limitations. Therefore, to avoid all the above problems, and
provide robust estimates, we have employed CUP-FM and CUP-BC estimation techniques.
The CUP-FM technique is appropriate to tackle the problem of residual correlation, cross-
sectional dependence, endogeneity, and heteroskedasticity. According to Ahmed et al. [49],
the CUP-FM estimation technique is also suitable for small sample size datasets. Therefore,
considering the positive side, we have used the CUP-FM estimation model proposed by
Bai et al. [50] in our analysis. To further check the robustness of our empirical findings,
we have used the CUP-BC estimation technique proposed by Bai et al. [50], which is an
extension of the CUP-FM estimation technique and provides similar benefits. The equation









































and Ω̂Kεi and Ω̂µεi are long run covariance matrices. Besides, the above equation is the basic
framework used to estimate the relationship between digital finance, shadow economy,
and financial stability as summarized below:
Model 1: Impact of Digital finance on the shadow economy.
(LnSE)it = δ0 + δ1LnMMTit + δ2LnGDPit + δ3LnFDIit + δ4LnIIPit + δ5LnUnit + δ6LnATMit + µit (8)
Model 2: Impact of Digital finance on financial instability.
(LnNPL)it = δ0 + δ1LnMMTit + δ2LnGDPit + δ3LnFDIit + δ4LnIIPit + δ5LnUnit + δ6LnATMit + µit (9)
(LnBCDR)it = δ0 + δ1LnMMTit + δ2LnGDPit + δ3LnFDIit + δ4LnIIPit + δ5LnUnit + δ6LnATMit + µit (10)
In the above model SE refers to the shadow economy, NPL represents nonperforming
loans, BCDR represents bank credit to deposit ratio, MMT refers to mobile money trans-
actions as percentage of GDP, GDP represents the gross domestic product, IIP represents
industrial productivity, UN refers to unemployment, FDI refers to foreign direct invest-
ments, ATM refers to the number of ATM per 100,000 adults and µit shows error terms. All
the above variables are in their natural logarithm form. The descriptive statistics for the
variables are shown in Table 3.
Table 3. Descriptive Statistics.
Mean Median Maximum Minimum St.Deviation
Probability
Value
NPL 9.27 8.94 17.5 2.21 4.32 0.0012
SE 30.21 31.18 36.8 17.89 2.93 0.0300
BCDR 72.82 74.84 93.3 48 12.33 0.0100
MMT 4.95 3.02 17.09 0.0051 5.431 0.0019
ATM 7.07 5.28 21.99 0.12 6.121 0.0000
IIP 111.30 104.09 219.55 59.67 33.99 0.0500
UN 4.60 4.35 7.70 3.05 1.06 0.0200
FDI 1.40 1.17 3.66 0.38 0.791 0.0000
GDP 6.05 6.15 10.26 0.99 2.051 0.0078
4. Empirical Results & Discussion
Descriptive statistics show that most of the variables have a high mean score in the
selected South Asian countries compared to the other developed or emerging countries. For
Mathematics 2021, 9, 3018 9 of 15
instance, the average shadow economy is 30.21% of GDP in the selected countries, whereas
the average shadow economy in developed countries is around 7%. The nonperforming
loans average in the sample countries is 9.27%; on the contrary, the average NPL in other
developed countries is less than 4%. Similarly, the unemployment rate is also high in the
sampled countries. When we see the progress of digitalization, the mean is low in the
sampled countries compared to global standards. For instance, the number of ATMs per
100,000 population in India, Pakistan, and Bangladesh is 22.12, 10.23, and 8.09; contrary to
this, the number of ATMs per 100,000 population in other developed countries is much
higher than in our sampled countries. For example, in China, it is 95.09, and in Russia, it is
165.09. The result is also the same in the case of mobile money transaction as percentage of
GDP, which is also low compared to other global emerging countries such as China. Based
on these descriptive facts and statistics, we can conclude that studying the relationship
between digitalization, shadow economy, and financial stability in the selected region will
contribute significantly to the extant literature.
Moving further into the empirical investigation, first we have examined the issue of
cross-sectional dependence among the sample data. The result of the Breusch Pagan and
Pesaran LM test attached in Table 2 confirms the presence of CD among the regressors, as
the p-value is less than 5%. This indicates that disturbance/shock in one country causes
a spill-over effect in another country. The results of the cross-sectional dependency test
further strengthen our empirical analysis for using the second-generation unit root test.
As discussed earlier, the second-generation unit root test provides better estimates in the
presence of cross-sectional dependence.
The result of the CIPS and CADF second-generation unit root test reported in Table 4
confirms that some variables are non-stationary at the levels. However, when we analyzed
the data at the first difference, the results affirm the presence of no unit root, and all the
variables are integrated at the first difference I(1). Based on these satisfactory outcomes of
the unit root test, we moved to the cointegration analysis.
Table 4. Unit root Test.
CIPS CADF
Level First Difference Level First Difference
NPL −2.124 −3.595 * −3.521 −4.091 *
SE −2.812 −3.194 ** −2.562 −3.132 *
BCDR −2.437 −4.609 * −3.012 −4.752 **
MMT −3.791 −3.991 * −2.912 −3.131 *
ATM −0.842 −2.662 * −2.563 −2.132 *
IIP −2.531 −3.812 ** −3.662 −3.085 *
UN −1.994 −2.562 * −2.019 −3.121 *
FDI −0.812 −1.345 * −3.131 −3.998 **
GDP −2.398 −3.556 * −2.442 −3.131 *
Note: *, ** at 1% and 5% level of significance.
In the cointegration estimation, we have used the Westerlund panel cointegration
analysis. The result of the Westerlund cointegration in Table 5. confirms long-run cointe-
gration among the regressors. The Gt, Ga, Pt, Pa values are significant at 1 and 5% levels of
significance. The result is confirmed based on the p-values calculated using the bootstrap
mechanism.
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Table 5. Westerlund Cointegration analysis.
Model Statistic Value z-Value p-Value
(1)
Gt −4.101 −3.109 0.0000 *
Ga −6.110 −4.010 0.0000 *
Pt −4.120 −4.602 0.0000 **
Pa −4.563 5.209 0.0000 *
(2)
Gt −6.109 −6.109 0.0001 *
Ga −9.113 3.098 0.0000 *
Pt −9.211 −3.198 0.0002 *
Pa −10.109 −1.198 0.0000 **
(3)
Gt −5.110 −4.241 0.0000 *
Ga −6.109 3.110 0.0005 *
Pt −7.665 −3.113 0.0002 **
Pa −5.009 −4.864 0.0000 *
(4)
Gt −9.011 −3.196 0.0000 **
Ga −7.102 4.009 0.0013 *
Pt −4.003 1.118 0.0001 *
Pa 3.009 −3.152 0.0180 *
Note: *, ** at 1% and 5% level of significance, SIC is used for optimum lag criteria.
The evidence of cointegration among the regressors encouraged us to proceed with
the long-run estimations. The robust CUP-FM and CUP-BC estimation techniques are
used to investigate the long-run relationship among all three models. Table 6 confirms
for model 1 that digitalization has a significant impact on the shadow economy’s growth
in the selected South Asian countries. The progress in fintech innovation such as the
increase in ATM and mobile money transactions helps reduce the shadow economy. A 1%
increase in ATM and mobile money transactions helps in reducing the shadow economy
by 0.081 and 0.092%, respectively, since increased use of internet-based transactions and
ATMs promotes financial inclusion, and financial inclusion has an inverse relationship with
shadow economy growth. The findings are in line with the study of Ajide [51]. Hence, we
can accept the null hypothesis (H1) based on the outcome, which concludes that digital
finance creates negative pressure on the growth of the shadow economy.
The empirical results also collaborate with the theoretical background of technological
spillover theory, which states that technological development through the squid effect
helps in the dissemination of financial services to the unbanked population. In the case of
control variables, the study concludes that economic growth, industrial productivity, and
foreign direct investments help in reducing the shadow economy. On the other hand, un-
employment increases the share of the shadow economy among the South Asian countries.
Several studies focusing on the relationship between economic growth, unemployment,
and shadow economy support the above finding, for instance, [23,52].
Furthermore, the empirical analysis investigating the relation between digitalization
and financial stability concludes that digital finance has a significant impact on the financial
sector instability of the selected South Asian countries. The result of model 2 confirms
that ATMs and mobile money transactions have a significant and positive impact on NPLs.
The increased use of digital finance increases the ratio of nonperforming loans to total
loans. A 1% rise in ATMs and mobile money transactions increases NPLs by 0.004 and
0.026%, respectively. Increased usage of mobile money transactions and ATMs encourage
the banks to use aggressive credit strategies. The use of aggressive credit policies increases
the bank credit to deposit ratio, and through the mediation process, increases NPLs. A
strand of literature also highlights that inadequacy in the security infrastructure of digital
transactions among the emerging countries also promotes internet-based fraud and scams.
These scams and fraudulent acts further aggravate the problem of financial sector instability.
The above findings are in line with the studies of Ozili [12] and Risman et al. [8]. Thus,
based on the above outcome, we can reject the H2, and conclude that digital finance has a
negative impact on the financial stability of emerging countries.
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Table 6. CUP-FM and CUP-BC results.
Variables CUP-FM CUP-BC
Model 1: Dependent Variable Ln SE Coefficient t-Value Coefficient t-Value
Ln MMT −0.092 * −16.05 −0.031 * −18.04
Ln ATM −0.081 * −35.94 −0.042 * −38.22
Ln GDP −0.039 ** −14.65 −0.184 ** −65.29
Ln IIP −0.091 * −22.94 −0.118 * −31.09
Ln FDI −0.020 * −34.25 −0.009 * −40.19
Ln Un 0.095 * 29.05 0.254 * 29.22
Model 2: Dependent variable Ln NPL
Ln MMT 0.026 * 36.12 0.012 * 31.03
Ln ATM 0.004 * 22.71 0.153 42.00
Ln GDP −0.084 * −54.11 −0.080 ** −15.30
Ln IIP −0.037 ** −21.23 −0.210 * −32.03
Ln FDI −0.081 * 30.12 0.382 * 33.18
Ln Un 0.095 * 20.19 0.321 ** 23.98
Model 3: Dependent variable Ln BCDR
Ln MMT 0.082 * 23.09 0.051 * 27.19
Ln ATM 0.035 * 34.12 0.080 * 43.10
Ln GDP 0.049 * 32.19 0.041 * 29.03
Ln IIP 0.086 ** 12.12 0.081 ** 41.09
Ln FDI 0.052 * 11.13 0.223 * 33.86
Ln Un 0.052 * 09.18 0.050 * 28.13
Note: *, ** 1 and 5% level of significance.
The empirical results of model 3 confirm that ATMs and mobile money transactions
have a significant and positive impact on the bank credit and deposit ratio. A 1% increase
in ATMs and mobile money transactions rises the bank credit to deposit ratio by 0.03 and
0.08%, respectively. Previous studies have concluded that the excessive usage of ATMs
and internet-based transactions increase the spending rate of individuals. Banks promote a
loose credit policy to provide easy credit to individuals to meet their spending needs, and
thus, due to digitalization, bank credit to deposit ratio increases [8]. Our empirical findings
also conclude that industrial productivity, economic growth, and foreign direct investment
assist in decreasing NPLs. However, unemployment increases NPLs. In addition, in terms
of bank credit to deposit ratio, our empirical findings conclude that industrial productivity,
economic growth, foreign direct investment, and unemployment increases bank credit to
deposit percentage in the selected South Asian countries. Several studies support the above
findings, for instance, [53,54]. Thus, based on the empirical analysis, we can conclude that
digitalization helps in reducing shadow economy growth through financial inclusion, but
promotes financial sector instability in the selected emerging countries.
5. Conclusions and Policy Implications
The advance in technological innovation has made a significant contribution towards
the development of different sectors of the economy. The financial sector of the developed
economies also benefits significantly from the fintech revolution, or digitalization. The
fintech revolution has also increased the accessibility of financial services in the developed
countries. The current study investigates the effect of digitalization of financial services on
shadow economy growth and financial sector instability among the selected South Asian
emerging countries. To achieve the above objective, first we have empirically tested the
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presence of cross-sectional dependence among the sample data by employing the Breusch
Pagan and Pesaran LM tests. After confirming the issue of CD, we have used the second
generation CIPS, and CADF unit root test, as these tests provide robust estimates. Further,
after checking the unit root, we have examined the long-run cointegration between the
independent and dependent variables. Finally, after confirming the evidence of long-run
cointegration, we have investigated the long-run relationship among all the models by
using the reliable and robust CUP-FM and CUP-BC estimation technique.
Our empirical analysis concludes that digitalization assists in reducing the shadow
economy percentage of GDP. Digitalization depicted by the proxy of ATMs per 100,000
population and mobile money transactions has significantly lowered the base of the shadow
economy among the selected South Asian countries. Fintech innovation helps in the de-
velopment of banking infrastructure, and the efforts to increase the financial outreach by
emerging countries like India and Pakistan further enhance financial inclusion. Therefore,
based on these combined efforts of fintech innovation and financial sector outreach ac-
tivities, the shadow economy shows a downward trend among the sample South Asian
countries.
In terms of financial stability, our empirical investigation concludes that excessive use
of mobile money transactions and ATMs among emerging countries promotes financial
sector instability by increasing the percentage of NPLs and bank credit to deposit ratio.
The increased use of mobile and internet-based transactions increases the spending rate of
individuals. To meet the spending requirement, individuals resort to banking credit facili-
ties. This excessive credit availability puts pressure on the portfolio of NPLs in emerging
countries [55,56]. However, on the positive side, the impact of digitalization on financial
sector instability is sparse as other determinants contribute excessively towards financial
sector instability. Previous studies also conclude that, in the long run, fintech innovation
helps in providing a more secure banking and financial sector environment, which we
can infer from the data of developed countries [1]. Better and improved technological
infrastructure helps in controlling financial fraud to an extent. Thus, based on these facts,
we can infer that, although digitalization promotes financial sector instability initially, in
the long-run we can assume a more stable financial sector environment based on improve-
ment in fintech innovations and technologies among the emerging countries. Furthermore,
among the control variables, our study concludes that foreign direct investment, industrial
productivity, and economic growth help in controlling the growth of the shadow economy
and NPLs among the emerging sampled countries. On the contrary, unemployment is a
prominent issue among the sampled countries, which increases NPLs and the growth of
the shadow economy.
The findings provide several implications for banking regulation and fintech inno-
vation. First, policymakers should encourage more digitalization of banking services in
emerging countries. Emerging countries require adequate resources and income to compete
with the developed countries, and digitalization helps in availing those resources through
inclusive growth and reduction in the informal economy. Second, emerging countries
should invest more in creating a secure and stable digital infrastructure, as unstable and
risky digital platforms promote the chances of financial risk and fraud. Policymakers
should also consider reducing NPLs through fintech innovations. An adequate regulatory
and supervisory framework is required to track NPLs and financial risk. Policymakers
should encourage welfare-oriented digital banking services for individuals, businesses, and
households. The government should also provide some financial assistance or subsidies to
individuals and banking institutions to promote digital transactions.
Likewise, government should also ensure lower regulation for the fintech service
providers so that they can improve their financial technology and intermediation function
while reducing cost, where possible, to serve customers better. In addition, policymak-
ers should also consider the cost involved in supplying fintech services to individuals,
businesses, and households for the maintenance of adequate budgetary provisions.
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The study entails the following strength: this is the first study that evaluates the
influence of digital finance on the shadow economy and financial instability in South
Asian countries which, as per the author’s knowledge, is not discussed in previous studies.
Second, the current study also offers several policy recommendations from the context of
emerging countries, which will be helpful in understanding the relevance of digital finance
in emerging countries in the context of financial inclusion and stability.
6. Limitations and Future Directions
The study also has a few limitations. First, this study has only included two prox-
ies for measuring digital finance. Future researchers can incorporate more variables to
measure the digitalization of financial services. Second, due to lack of data availability,
only three South Asian countries are included in the study, and thus future researchers
can add other countries or blocs. Furthermore, future research can also incorporate other
determinants to measure the financial sector instability associated with the digitalization
of financial services.
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